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suMMmY

Therollingmomentduetosideslipinsupersonicflowhasbeen
Cmtitea fora rqmesentativegroupofplanforms.Theanalysis
wasbasedonline=lzedpotentialtheoryandwasappliedtotri-
x, trapezoiW,reotangul=,andSwephbaokplanformswithout
dihedral.

.
Theonlytypesofplanformsthatprovided.positivedihedral

effeotthroughouttherangeofMmh numberinvestigatedwerethe.
reotanguLXwingofverylowaspeotratioanda trapezoidalwing
ofmoderatelylowaspeotratiohatingraked-outtips.

.. Thevariationofrollingmomentwithsideslipwasfoundtobe
linearovera smallrangeofsideslipanglesforpraotioallyall

-theMaohconepmf ormconfigurationsinvestigated.
.

INTRODUCTION

Theoalmilationofthesupersoniclateral-stabilityderivatives
hasbeenundatakenfora groupofplanformsofthetypeshownin
figures1 and2 consideredtoberepresentativeoftheplanforms
proposedforflightatsupersonicspeeds.Inreference1 the
resultsforthedampi~i~rollderivativeswerepresented.This -
reportexte~stheresultstoimlude’therollingmomentdueto
sideslip.

Theloaddistribtitionsforthesldeslipplngwingswereobtained
usingthemethodspresentedinreferences13 2Z3S~ 49 Theload

.-
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2 NACATNI?O.1700

distributions werethenintegratedto obtaintherolMng+omnt
coefficientasa functionofsideslip.

~ general,theplanformsmayW’describedas: (1)triangulm
withmibsonicleadingedgesandwithsupmmnitileadingedges;
(2)tipezoitiwithallpossiblemibinationsofraked-in,raked-
out,subsonioorsupersonictips;(3) rectmguler;and(4)two
swept4nckplanfarmswithsupersonicb?aili.ngedgesdevelopedfrm
thetiiangularwings.Asmallchamgehasbeenqadeinme ofthe
@an fcmsunderinvestigationsincereference1waspublished.M
ref%rence1,thesweplSbackplani?cumhavingsubscnlcleadingedges
wasdevelopedbyremovimga small&hm@lar portion,hmingsides
paralleltotheMichcones,fim thetrailingedgeofa *iq@=
planfmm havingsubsonicleadingedges.Duetothedifficulties
enmuntereainanalyzingthesideslippositionfm thisparticular
c~i~tion, theptiionre~~a fr~ * kt2iGm~ PM
formhasbeenchangecl.A triangularsectionexlmndingfromtipto
tipisnuw~~a leavingthewingtaperdtoa pointatthetip
asshowninfigure2. .

Previousworkonwingsinsidesliphas‘beenreportdin
references5,6, 7, 8=and9.

SYMBOLSmmcoEFTIcrENm
rectanguhrcoordinatesofha axes

rectmgularcoorUnatesofbodyaxes

fh’ee-streamvelocity

spanofwingmmwdi
rootChoraof_ .

ovexw311longitudinal

areaafwing

. .

.

“ aspectratio
()

~
,s”

nmmaltoplaneofsymmetxy

lengthofswept=hckwing

density h thefreestream

free-+treamdynamicpressure()~ V2
.2

.

.
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.
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Bm

F(q,k)

E(q,k)

a

rollingmomentaboutlongitudinalbodyaxes
(positiveforrightwingrollingdown)

rollingaoment

lift

Me

()
coefficient—

qsb

“sideslipangle,degrees
(positivewhen.sideslippingtoright)

c)
rolling+mment-due-to-sideslipstabilityderivative-Q

a$

free-slzesmMachnumber

m
Maohangle(=otan~)

slopeofrightwingtipmsasuredfrcmline-prallelto
plszleofsynuxe~inplaaeofwing

I (positiwf% -a-m tip,333g8ti~formOWh tip)
m ratiooftsmgentof

G’
MachCOIISan@e

inoompl.eteelliptiointegral
~ati- k

incompleteellipticintegral
modulusk

_ ofattaok,radians

METEODS

righttipangletotangent

Ofthe

ofthe

Thep?oblemofaOtermlMngthe
insideslipisessentiald.ytheproblem
anincMnedflatplate.Thefactthat

loaa

firstkindwith‘

secondlchilwith

of’

.

ofaetwmhingtheloaa-on
theplsllSofsynmletz’yofthe

. .

distributionona wing

planformisnotalinedwiththetree-streamdirectiondoesnot
greatlyaffeottheanalysis.Themethodsusedinreference1,therefwe
wereapplicableagain.

.
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‘3!@loaddistiibutiunonthe&iangularanatiapezoida3.ph
fcmmmnfi~tions, havingsupersonicedgesentirely,were
determinedreadily.bytheswroe4inkanddmibletmethodofrefer-
ence2. Theloadlngomanareaaffeotedbya subsonicedgein
oc@unotionwitha su~rsonicleadingedge-w tipwasobtainedby
a shpledirectintegrationusingthemthod.ofreference3 with
thestipulationthattheKuttaconditionmustbesatisfiedonall
mibsmic&ailingedgesasprovidedforinreferenoe4. Thetrian-
X P~ f- fi~ subs-c lea- s~es -S beenandyzeapreti-
OUSI.Yin thesidesliPp08tticmanatheloaaaistiibutionisavai~
ablein‘referenoe8. - methodfo~~a inreferenoe8 wasusedto
aeterminetheloaaingonthesubscmiH@3atrl~ planform
~bemenonee~eti~-h mmtitheconeads. M
reference6, also,theexpressionfcmtheloaadistributiononthis
planformis~sented. .

.

.Theplanformsweredividedintosectors,boundedbythe
plan-fo?me-s andtheMaohconetraoes,inorderto sjmplify
thesnalysisad thepresentation-oftheresults.Liftandmoment.
expressionswereobtainedforthesesectorsbyintegrationofthe ,
loaddistributions. h AppendixA,theformulasforthenuunents .
oftheoompledaplanformsareeqressedinsymbols-presenting
themomentma liftexpressionsof* .plan+formsectors& coWina-
tims ofthesesectors.5se expressimswhichdonotreadily
combineends@Uf’y aregiveninAppendixB.

Anotherconditionthatrequiredtheslmplifioationofthe
presentationofthemomentequ.wssionsfora completeplanformwas
thechangeInWh conemnfigurationthata winginsideslip
*goes in supersonicfluw.As.thbtipsC- fromsubscmic
tosupersonicorviceversa,anaastheedgesandtipschange
figurativelyfromI.eadlngtotrailingedgesby mingingpastthe
free-dream&&ection,theleaddistributimanarollingmomnt
changecmnsitirably.Consequently,itwasnecessarytodivide
thesidesliprotationintoa nuniberofphasesinorderthatan
eqressionfortherollingmomentcouldbeprovidedforeaoh
configurationencounteredintheq ofsiaesliptive8tigatea.

Thedeterminationofananalyticalformfor CzP bydlffe~
entiationofthee~essionfcr Cz asa functionof f3was
foundtobeimpractical.Linearityofthe Cz variationwith ~
fora smallrangeofsideslipangles=however,madeitccmmnient
to
at
m

calculatia valueofthederivativebased% thevaluefor
5° of Siaeslip.Thisapproximationismorefullye~la~d
themscuasiopoftheresults.

.

1
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therelative
whenthewinR

5

is
atzerosideslip.Theratioofthetingbntoftheri~t tim&le .
to thetangent~ theWh coneangle‘Em mkes a &nve~ent--
index.Theslopeoftherighttip m isaefma aspositivO
whenthetipisrakedoutandnegativewhenthetip1S*a in.~
If Rm isequaltocmgreaterthan1,thetipsaresupersonic
lea&lngedges.If Bm isequaltomlessthan-l,the tipsare
supersonictrailingedges.F@?valuesof Bm between1 and-1,
thetipsaxesubsonic.

DISOUWIONOFRESULTS

Thegeneralresultsaretherolling-moment-coefficientformulas
giveninAppendixA foralltheplanfcms considered.l?cma
~tic~ fiterpre~tiaoftheresults,a mmiber& typioal@m
formshavebeenselectedforwhichtherollingaomntcoefficient
wasoaloulated.Theseresultsarepresentedingraphicalfmm in
figures3 through9. InoludedinAppendixA areexpressionsfor
thevaluesoftan~thatmarktihephasechanges~for thevalue
oftan~representinga spanlimitation.Theexistenceofa span
limitationisduetothedlffioultyInobtaininganexpressionfor
theloaddistributionwhenthe&oh conefromonetiprefleotsoff
theothertip.Thedegreeufsideslipisllmitedalsobyrestiiok
Ingthe~ch coneoriginatingatthe@&ure ofthetrailingedge
andthetipfromoverlappingthewing.Thislimitation,tanp~,
appliestoallplanfacms.otherlimitatiausthatwererquired
fcmthesweptiaok@an-formmnfigurationsareexplainedwhenthey
arepresented..

Itshouldbepointedoutthat&r theSwep-ck p-form
mnfigurationsthephasesgivendonotcovertheutmostsideslip
angletowhichtheanalysiscouldhavebeenoarrled.Fortherest
ofthe* fares,expressionsaregiven@ covertheutmost
possibleSiaeslipanglethatthisanalysispetittea.Inmost
cases,thisrepresentsa megnitudeofsldeslipanglefarbeyond
whatnomallyisinterestinganduseful.Inviewofthelength
andcomplexityoftheanalysesfortheSweptiackwings,however,
thesideslip-6 c~iaereafortheseplanfcamswereheldto
a minimum.

c1
Vexiationof ;Wlth$

Thevariationofrolling—momentcoefficient
attackwithsideslipangleforthespecificplan

~r unit angleof
formsmnsiaered

/
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areshowninfigures3 andkfortmvaluesofB (land!). Ifa
2negativeslopecorrespondingtopositivedihedraleffeots aOfinOa

asa stablevariationof Cl fith 13,itiSetidentthat~re
planformshadunstablethanstdblevariations.Thebreaksinthe
curvesareduetoohangeainphasethatocourasthewingprogresses
insideslip.Insomecaseswherethetipisralmdout,thebreaks
reversedthevariationof Cl with ~ fromunstabletostableor
viceversa.

Itisevident,fra thee~essionsforthemomntsandfrom
thecurvesshowingthevariationof Cl with ~, that ~ isnot
a linearfunctionofsideslipandnosimpleexpressionsareobtain-
ableforthederivativeCZB.Fcmthevaluesof B considered
in figures3 and4, howenr,thevariationof Cz with ~ is
veryclosetolinearforthefirst10°ofsldeslip.Toobtainan
indicationastotheeffeotsofaspectratioandWch numberon
thsvariationofrollinsidsslipfortheplanformsmnsidered,
therefore,itwasassumedthata linearderivativemuldbe
establishedforatleastthefirst50 of sideslip.B f@Ures5
through9, thisderivativeisshownplottedasa fumtionof
aspectratioanaasa functionoftheMaohnumberparameterB.
ThOassumptionofa mnstantslopewas$ustifiedexoeptatvalues
of B wherea phasechangeooourredwithinthefirst5° of sldeslip.

!
Forthevaluesof B atwhiohthevariationof C% was

determinedtobe~ar Wi~ thSffiSt5°ofSidSSlip,dotted
llnesrepresentthevalueofthedm%vativefcawhateversideslip
q thelinearityexisted.Atthevaluesof B forwhich,at
zerosidesl.ip,theMaohGenesandthetipsarenearlyminoident,
a valueOf CZp basedonthe Cl at50ofsides~pwasdetermined.
Thisvalueof Cza didnotizulyrepresentthesl~ ofthe Cl
ourvebeoausea phse changeanda breakintheowve ooourswithin
thefirst50 of Siaeslip. Thispsuedoderivativeisplottedasa
~~t~tion of* sO~aOUWOh thsrOgi~ whOrStb aotted
ourvesexist.Its@noipalvalueisthatitshuwewhetherthe
slopeinoreasesordeoreasesinmgnitudeinpassingfrcnnthefirst
tothesecondphase.Atthevalueof B forwhichtheMichuone
andthetipem exactlycoincident,theslopeof ~Cz with ~ is
constantfora rangeafsides~pgreaterthan5°. Thispointlies
onthesolidourveatthevalw of B wherethedismntinuityin
thedottedWa3mheserlst.

Thepropertyofrevwrsibllity,wherebya givenplanfcmm
~ovidksthesamelift,drag,ordampinginrollwhetherornot
theplaafcmmwasreversedwithrespeottothes@ee3ndlreation,

.
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didnotooourinthero~nt+du-t~ideslip derivative.
Apparentlythelmk ofsymzetryaboutthewindaxesthatres~ts
fromthesideslipprohibitstherealizationofreversibilityin
thisease. \

cl
Variationof & withASpeOtRatio.

Thevariation

ratiopresentedin
showsthatforthe

of cl$ perunitangleof

figure~ forvaluesof B
mostpartthemagnitudeof

attaokwithaspeot.

equaltolarq
thederivatives

deoreaseswithinoreasitiaspeotratio.Forthetrapezoidswith
subsoniozz&ed+mttips,‘the-derivativeisstable~ thisreduotlon
existsthroughouttheentiremnge ofaspeotmtio investigated;
whereasthevaluesforthesupemonio-tippedtrapezoidalplanforms
havegonefromstabletounstableandihoreasedinmagnitudewith
Inoreaslngaspeotmatio.

Asa trapezoidalplanformisreduoedinspan,iteventually
beoomesa triangularplanform.Thistmnsitionoomrsatanaspeat
ratioof4m. Ifa triangularplanformisdevelopedbyreduoingthe
spanofoneofthesupersonicraked+u%tiptrapezoidalplanforms
shown,thevalueofthederivativeohangessuddenlyfromstableto
unstable.Astheaspeotratioisreduoedfarther,necessarilyreduoing
theslopeoftheedgeofthetrim@ar planform,themagnitudeof
theunstablederlvati~ebeoomesgreaterandthensuddenlyjumpsto
a stablevalueastheleadingedgesofthetrianglebemmesubsonio
atanaspeotzatioof *. Astheaspeotn9tioofthetriangularwings
approacheszero,the”valuesof CZ$ approaoha value’sll#htly
higherthanthevaluegi?enby Ribner(-o.0183,inreferenoe9)for-
low+mpeo”+ratiotrknguhr_. Ifthesideslipanglefor
determiningCl

$
wereallowedtoapproaohzeroratherthanto

remainequalto7, the

byRibner.

Forallbuta smll

c~
B

ourvewouldappmaoh

~e ofaspeotratiosat

thevaluegiven

thelowerendof
theaspeotratiosoale,thereotangukrandthetrapezoidalplan
formswithsubsonior&ed-intips~howa deoreasi~-magnitud&for
c~p withinoreaslngaspeotratio.9!hetmpezoidalplanformswith

supersonloinked-intipshavederivativesequaltozerobeoause

at B= land
fromthetips,
rollingmoment

4B=-3 thetipMaohoonesliefartherthan5°away
andtheloaddistributionisuniformyieldingzeroc
fortheseplanformsuntilonetiporossesoneof

_.. —..-. — —-— ----- —. .- .—— -.. ——- - —
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the tim MachCOIWS . The valueofthederivativerema5nszerowhen
thispianfmm hasbeenreducedtoaninvertidtriangularplanform.
Furtherreductioninaspectratiorequiresa reductionintheslope
ofthetipsofthetrianglewhicheventuallyleadstoa phasechange
andtotheexistenceofa rollingmomentauetosideslipwitlrInthe
fIrst50 of Siaeslip.Thisinvertedtypeoftriangularplanform

L becausethetiPcannotbeinvestigated%elowemaspectratioof ~
Machconesreflectontheoppositeedges.Forthesamereason,ths
tra~zoidswithsubscmicraked-intipscamnotbeanalyzedifreduced
totriangularplanfcams.

Asindicatedprembusly,therectangulmplanfa’mandthe
trapezoidalplanformswithsubsonicraked-intipshavea critical
valueofaspectratioatwhichtheunstablevaluefor CZP stops .
increasinginm@itudeasas~ctratioisdeczreashgma tendsto
beccmelessunstable.Fcmtherectmgular@an fcmm,thisreversal— ~~z ;~ch is
oftrendoccursatanaspect3+tioequalto —

3
greaterthantheaspectratioatwhichthetipMachconescrossed
W &ailingedge (A= ~ ). ~ rec~ -s werem~ble

toanalysisatMachnuniberslawenough(1<AB<2) toshawthat
thistrendeventuallymeldedstablevaluesfcrthederivative.

at

Theaspectratioatwhichtheda.ngefrcmUns-ble‘tostablevalues “
occursishalftheaspectratioatwhichthecurvestzzrtstoreverse
itstrend,thatis,whenA = & . Fr&nWs expressionitcan “

shownthatthereisa ndnimumaspectratioof1.635atwhichthechange
inthesignofthedihedraleffectoccurs.Thevalueof B that
producesthisk~ is ~. At thesevalues,thereversalof
signandthecrossingofthetipMachconesoccursimultaneously.
Forval.qesof B greaterthan ~ , thereversalofdihdral
effectoccursatanaspectratiogreaterthantheaspectratioatwhichths
tipMachconescross-ThisorderofoccurrenceisreversedM B
isless&am & .

Thevariationof Cz withaspectratiofcwthesweptiack
P

planformsconsideredisshowninfigure6. Forthesubsonic+dged
planforms,thebendwastcwardmorestablevaluesofthederivative
astheaspectratioincreased.Fcmthemipersoni~dgedsweptAback
planforms,W trendwastowardmoreunstablevaluesofthederivative
astheaspectratioincreased.ThusthesweptAackplanformswere

.

.— .. . . . . ... . . . ...— —___ .-,, ““—- -—----- ._. .
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.

theOIdty OIleS far.whlohCZP InoreasedInmagnitudewithanhorease
inaepectratio.

Cl$
Variationof —with B

a

~ variationof CZ@ perunitangleofattaokw3th B ‘Shm
infigures7,8,ma9 iS themostusefulourvefordetermining
thesuitabilityofanyplanfarmwithregardtoroll-~ ideslip
stability.Withtwoexceptions,thevaluesofthederivatives
shownonthiscurveestablishthestablecmunstablesenseofthe
-Iationof CZ with ~ thatexistsfm theentiresideslip
rangefcra givenplanformata givenspeed..m exceptionsto
thisrulearethetiangularplanfcm withsu~rsoniotipsand
thesupersonictzqezoidalplanformswithraked-outtips.

mgeneral,* %p ourvesereapproachingzeroattheupper
endofthe B soalefmalltheplanfmms.Atthelowerendof
the B soale,theourmstendtuwardeitherverylargepositive
cmnegativevaluesof cl ,

4
Theourvesem ocusideredingreater

detailinthefollowingsousslonoftheindividualplanfarms.

ZYiangulerplanforms:Tipsrakedout,m = ~,m = #.-Atthe

.

lowerend.ofthe B male,”allofthetiiangdarplanfcn?mshave
subsanictipS. InthiSccmfi@ration,bothofti ta?ian@&U?
wings~onsiaerea,aspectratio6 h figure7 andaspectratio2
infigure9,havefairlylargestablevaluesof C2P.With-
increasingvaluesof B, however,theMaohconeap~oaohesthe !
leadlngedgeandorossesitand,inthisrangeof B, Czp drops
fromtherelativelylargestablevaluetoenunstablevalue.5
valueof CZBforthissupersonic-tippedconfigurationthendecreases
as B is&z’easedandtendstoappoaohzeroasymptotically.

1!biangukrplanf-: Tipsrakedin,m= -pm= -~.-At

thelowervaluesof B, thetipMachconesoverlaptheseinverted
triangularplanforms,andthereflectionsofthel@ohlines
fromtiptotipconstitutea configurationthatdoesnotpermit
tlMf~tion ofloadingandmomente~essionsinclosed
form.WhentheMaohnuniberhasinmeaseduntiltheMachconesare
coincidentwiththesidesofthetiiangle,a closedfcmmd
eqmessionfortheloadUstmibutionandmmentoanbe obta-’d.
At thispoint,thefirstphaseextendstomnsiderablymorethan5° .

.

.- —._—.. —-—.- . .— -- —-— — .—— — —-——.- —-
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anaanUnstaltl.eValllqof Czpisobtainedasshowninfigure7 for
aspeoiiratio6. Thisinstabilitydropsoffrqidlyandreach6s
zerowhen B hasincreasedtothepointwherethelbchccmesfall
atleast50outsi&thetips.Fa sldeslipanglesgreaterthan5°,
thevariationof Ct with f3 (figs.3 and4)shuwsthatwhenthe
sideslipanglereachestheseco+phasethezerovaluefbrthe
derivativechangestoanunstablevariationofrollinsideslip.

. .

Rectangdarplanfcrms.-l!hevariationof CZBwithB for
therectmgularplanformsisquitedependentonaspectratio.Below
theaspectratioof1.635(asdiscussedpreviouslywithregar~to
thevariationof CZB withregardtoaspectratio)therectanguhr
planformgivesposi%ivqdihedmileffectthroughouttheMachnumber
rangeinvestigatedasshaminfigure7(a) fm anaspectratioof
1.5.As theas~ctratioincreases,thecurveshowingthe CZp
vsriationwith B orossesintotheunstableregionata fairlylow
value-of B butrecrossestothestablesideata highervalue.
As theaspectratiosbecomfairlylar~ (A= 6 and A = 9 in
figs.7(b)and8),thevaluesof B fcmcrossingbecomesosmall
andtbsvaluesfarrecrossingbecomesolargethatfarthermge of
Machnunibersconsideredthecurveseemstolieentirelyinthe
unstableregion.

4
T&apezoidalplanforms:!l!ipsma out, m= & .- ~ese

trapezoidalplanformsshowscmewhattbssamedmractaristicsas
therectmgularplanfam inregardtothereversalinthestability
oftherollduetosidmlipthatoccursataboutthetimethetip
Machconescrossatthe&ail@ edge.At thelowerendofthe B
scaleinfigure7(a),thecurvefcmtheaspectratio4 plenfcum
tendstowardinfinityinthestablederivativezoneaftercompletely
reversingitslmendtowardtheunstablezonefromB = 1 to B = ~ .
Ataspectratiosof6 and9,however,thecurves@owninfigures7(b)
and8 havecrossedthe CZP axisendareheadingtuwardlarge

.

positivevaluesatthelowerendofthe B soale.Abovethevalue
B=l, thecurvesforalLthreeaspectratiosfolllmwparallel
patterns.Themagnitudeof Cz decreasesastheZ&ohcones

$
approachthetipand,asthetipsbecomesupersonic,continueto
decreasefinallyapproachingzeroasymptoticallyattheupperendof
the B scale.Thevariationofrollinsid.eslipwasstableatall
timesfor B greaterthan1.

.

.
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Trapezoidalplanforms:T@ tied out,m = ~ .-

ratio6 with m= ~ is a triangularplanfoxm Abovem

11

!l!heaspeot

anaspeotratio

of 6, however,theplanformshavingm = # aretrapezoids.Atthe
aspeotratioof9 showniffigure8,@e ourveliesalmostentirely
intheunstableregion.Attheaspeotratioof6.!5, shownin fignre
7 (a),theourveliesmostlyInthestableregionexoeptforthedip -
intotheunstableregionnearB = 1. Thevariationof C?

$
withaspeotratioshowninfigure5 intioatesthatatanasyeotratio
ofayprcdnately6.2thederivativeisstablefor B = 1.and
B = $ and,therefore,itisquiteprobablethattheourvefora

trapezoidalplanformof thisaspeotratiomightlieentirelyinthe
stablezange.

Trapezoidalplanforms:!l!ipsrakedin,m =I- %.-~eSe

trirgezoidal@an fozmhavenoessentialdifferenoeainthepattern
oftheirC~B variationwithB foraspeotzatios6and9. These

ourvesarepresentedinfigures7~a 8. me patternofthevaria-
tionissimilartothe“variationof Clp withB fortherectan-

gularplanformsofaspeotmtios6 -a 9, tendingtowardlarge
unstablevaluesof OZP atthelowerendofthe B soaleand

droppingoffinmagnitudeas B inoreases.l?hesudden&op to
c~p= O ooourswhenthetipshavebeoomesupersonic.

Forvaluesifaspeotratiooonaidemblylowerthan6,wherethe
tip~~gg~ effeotmightbeoomeappreciableagain,it-iaquite
likely*t %p wouldtendtolmoomestableatthelowerendof ‘
the B soale. \

~ AtanaspeotTrapezoidalplanforms:Tips‘rakedin, m = - ~.-

ratioof6, thep=orm shapefor m = - * is~~, butfor

aspeotratiosofgreatertham6 theplanformbeoomestrapezoidal.
Atthelowerendofthe B saaleinfigure8,wherethetrapezoidal
planfon ofaapeotzatio9 hasmibsonictips,theroll~~ideslip
variationisunstableasitwasfortietriangularplainformof
aapeotzatio6. As B inoreasesandthetipsbeoomesuperaonioby
painingthroughtheMaohoone, thevulueof C2Bbasedon Cz ata
fitdeslipangleof5° is zero.Iftheangleofsideslipisinoreaseil

\

.
I
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1.2

tild. thesecoxid
J3isunstable.

Swep_ck
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phaseis reachsd,hawever,thevariationof CZ‘with

planforms: 1Subsonicedges,m* ~.-Overthe-tea

raII@ of BtS fcmwhichtbsC_tation of Clp WaspOSSible,the
resultshdi0atf3athat Czpdecreaseswithanincreasein B. The
-tide ofthederivativesforthispkn fcmmwasgreaterthanthe
-tide ofW derivativesfarthetiiangulsrplanformwiththe
sameedgeslop3s.

SwepGbackplanforms:Supersonicedges,m = ~, ~ = LO-AS
2 2

forthemibsonic-ed@sweptiackplanforms,thema+pitudeofthe
derivativewasgreatirthanthemagnitudefarthec-spending

I wangle -a the*iationofthederivativewith B showedthat
withinthefirstphaseincreasingB reducedthemagnitudeofthe
derivative.

Thevaxiationofro~~ ntcoefficientwithsideslipwas
foundtoheappro-telylinearovera smallrangeofsidesl.ip
-S f~ ~ ~ f_ mmstigatea.BOthp0f3iti~~a ~gati~
dihedraleffectswereObta~a.

Fora givenplmkfcmmQIManda giventipcmleaedge
classification(mibscnicarsupersonic),derivativesetiuatedfor
tlmlinearrangeofthe Cl variationwith ~ weregenerally
f-a todscreaseinmagnitudewithincreasingaspectratio.5e
outstandingexceptiontothisgeneralizationwastheswep&back
planformwitheithermibsoniccmsupersonicleadlngedges.

.

\

Thereckngularplanfcamsofverylawa~ct ratio(A<1.635)
andthe trqmzoidalplanfcc?msofmod.emtelylowaspectratio (A%4)
withrake&outtipsaxntly arethemostsatisfactcqplanfares
fa providingpositivedi.bsdraleffect.At thelargeraspectratios,
thesetwoplanforms~maeanegativedihedraleffectoveratleast
-t oftheMaohnumberramge.TIEtii~ P- f- ma the
swep&kokplanfcmmsprovidedpositivedihedraleffectaslongas
theirleadingedges~ma-a subsonicbutc-a tonegative
~edral effectwhentheleadingedgesbecamsupersmic.The
&qezoidaZplanfmmswithrake~intips~elaednegativedlhedrhl
effectwithmibsonictips,butachievedzero~dral effectover.

.
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a khiteasid.esliprsmgewhenthetipsbeoamesupersonic.The
generaltrendofthevariationof Clp withMach.nuderwasa

9 reduoticminthemagnltutiofthederivativewithanincreasein
lkwhnumber. ,
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~tionalAdtismyCommitteeforAeronautics,

MoffettField,Calif.
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APEEIVDIXA

F_ FCElROILINGMOMENTDUETOSIllESL13?
GeneralRestriction:tan~<B

.TNNWI&l WIllGS

SubsonicTips

Bm<1

ME
2qcr%2

A,/\\/ \\/’ \
,

-( )Phasel,O<tan~< ~
B-I-m

%=%

()laPhase2, — ~tanp_*
B+m

A///\/1 \\

.,

.

.
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()143m “Phase2,m~tanPs ~
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Mg‘~
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Phqse”3,
()

la <
x-

tap<-( )l+Bm

G /// b1

/’ \
SupersonicTips

%=%

( )-Phase2, ~k < ten$<m

.

.

A;‘\I \O
I \

.

b\II
II
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SubsonicTi~S
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.

“(-)?;)
b\//\\ Phase1,/’ \\/’/\\

/- \

2(IF%BIbl)a< (2+ <Bnub

p+q- -

A

/\
,/ \
/ \
/ \
/ ,/ \ \
/ / \\ \

Phase1,O~tanp<
Bhn-(Z~)

- B(~)+zm

A

/\/ \ Phase
/

/ \
/ \
/ \

,’ \\ Phase

17

A//\/ \/ \/,\\\// \.’\

aIhsideleftedgqhitsMmh oonefromoutoutbeforerightleading“
edgebeoomessupersonfo.

%reventsl&ohooneatcutoutfromorossingwingatzerosideslip.
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(-’-+)-)’”=Ja
A

/\/ \/ \/.\
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/\ \
/\ k/\//\/\/\\/\/\.

b/\/,\/’ \
/ \

/ \
\/ \

SupersonicTips

I

@m[z(&2%)-z%q-

‘Insideleftedgehits-oh cone&am outuutbeforerightleading
A edgebecomessupersonic.
%ft leadingedgeswingspastX--axis befcmeinsideleftedgehits
lhchacmefromcutout. .

‘InsideleftedgehitsI&ohcme &om outoutbefareleftleading
edgeswingspastX-s.

‘Prevents~+xisfi”omorossingMaohconeatrightbeforeleftedge,’
hitsMaohC-.
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<i+ai’
- (B=+2BIA)
.

A/’ ‘\ c)1Phase1, O~tanp<—,/’ \ \ +1
/\

%= %-*

A Phase1, O~tanp~2-Bm(2-o.J

/’ ‘1 BZ+m(~)
/ J I

/’/1 \
\ M~=~-% .

/’ ~ ‘

19

A\\\/ \/ \\\
.

A/\\///\>

‘~ide rightedgehitsa~x Machconebeforeleftleadingedge
hitsapexMachcone.

%reventsoutoutfromoverlappingapexMaohconeatzeroside-
Slip.

.
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TRAmzonMLWIms

.

Slibsonicltips

o>Bm>.1

spanMni.tatlon

1
4< —

B+*7” .

Phase1,0~ts31p<-m

.
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l+lhl< ~ p~ a ‘Phase2,—
IkU -

d/\
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Bm=O(RectangUsx)

Aczt”\

ocEIIl<l

\

NACATNI?O.1700 ‘ ,
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.

Phase1, 0StanpQ/%

%=wP+~+MH .,0 /’1”-\ /\/ 1
\.

/

Spszl
Phase2,1/% sti p S limitation

o

/\

/,

/
//

~=%+,MQ+% ‘\

- (’@Q)@
// I

..

span MIlitatlon ., ‘

tszl$<w!s!9&+
- B~+~

ME ME
cz=—

qsb= qo@(b+l@

m Phase 1, 0<tanJ3~m
/\
/\ //‘1

/’ ‘ 1 ‘, ME=~+%+%
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.
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SupersonicTips

,/”p, c)1Phasel,O~tanP~- —

( )-Phase2,- ‘~ <tanp<
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Triangularwings

A.
////

//. /

+
XE

where

E istheciomplete

m

.

. r-21mqcr%l= Sln pG
MA.

m“ iii
.

elliptiointegraloftheseccmdkindwithmodulus .

[(la tanP)2-B2(m-tan~)~ [(la tanp)=’qm+tanll)q

\

2Bm(l+tsn=

%=

when

P)

4Yccqcr%a? /===
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where

k . ~~s ~,- %(~+mtanP)+B(m-tmp) ,
(l+mtamfJ)+%B(m-ttmP)

()E=l? &k

/
/

/
/

.

I

I

. .
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%=-%
‘! (m+tsnP)[m(B+tan P)+(1= * P)]

3(B+& 13)sz&B-tm P)+(l+BtsnB)

I’.

.
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I
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J

1

.

Y
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whereE IsW3 ocmplete elllptlo integral.at!theseooxd @nd withmodnluaJ’=

2ml(l+tan= P)
.-

I
1

I
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1’

1,,
I
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I

{JB
(m+t’nB)

}{
- 31U’ZOr( Z-Or).3!2?3!E

‘(IO+* 13)’-(l-m tan to’ 2 8 }

~ t.mp)(l+n tan t3)+332(m+tantl){(m+tan.P)( ‘a ‘( B2(m+M p)~la tan P)= I

I
I

- 3m[(w0(l-m * P)+B2(m+t=P)IS + m(B2-’lan2p)

h[B2(m+tan13)%1*tanp)21k h[B2(m+tanP)~l* * P)’] )

“:1

( 3 (tad (la tan 13)+B2(m+tamP)
+ (m-tanp) - % +k[B2(m+tanP)‘-(WUtanpd}

+ .~(l+B’‘tsnefJ)%2+2(tar@)(B2+l)m3(Gor)-(B’-tin’i3)m’[%-om)5

—



/

i

I

I

I,/

I

i

{
(Dl+tmp)( z~ #il12

2(B=tan2fj)- ~B2(m-tanj3)2-(l+mtanP)?i)

( 1~+ (n-tea13)
OF%F +

2(B2-tam=B)- Be(m-tanP)=-(l*k P)2

3or?t14(tanfJ)(lim* 13)i3=(m-taap)]

4[B2(m-tanP)2-(limtanP)21= )}

(+(m-tanj3) ~- ~
kmb=(m+tm p)~l+n tanp)2T btw(nl-tanp)~(l+illtall,6)=1

.

UJ
IJJ

I



.

I

+

,1

I

I

I

{J -(m+temf)) -(
302%F—+

B2(m-tanp)~l+m tanp)2 8

Or%q($all ~1.tm‘km I-J)+wqm-tarlp)1
h[Ba(m-tanp)~(l+mtanp)=] )

I

I

i



.

I

or%%tm@(l+3n tan P)-=(m-tanp)l -
)
+

h[B2(m-tanp)~l+m ~ p)a]
(m-tam P) (-3d?E

@(m-tan p)ql+m tamp)2 8

P

z!

+ sin-



I

I

i

I

[(l-mIan13)*2@ian@(m+tanP)h-b #l-m ,lanJ3)+B2(m+iamf$]dPor)- Sin+
IliB(l+tan=p)c~

I

(m-tallP) (Or%lg&!JlMbm ‘tamP)%%+- PI 3%?%=.—
)}*(m+ianP)%l= tanP)= ~B2(m+teap)~(l+ntsuP)21 8

w
0)

i



. .

I

I

i {.
(m+tan p)(

12 ‘

q&2-~2 p) -

( la
+ (m-tan p)

2(B=tsn2j3)-

I+%F
[B=(m+teaP)8-(l+utanp)=]

.

.
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{~ -

m2+2Bn+l

2 m(l+&)(ni&l)(m+B)} {

3zOplyz<r)3#m=-— -
2 8 1

+ {( )&(B2+l)[2B(m2+l)Z~(B2+2Bm-1)~2] . w

( 22
+

Zorm cr2m~B2*l)
2(B2+2BJ&fl EB(1+3F) + EB2(1+3B2)=

)-s&+_ (Za(m-%a) + ti(~r)
B(1+:2) (B%2Bm-1) 2

.

+
jZ2(niB-l)(m+B)_ 2ca[2B(2m2+l)im(B2-1)]

2(B%2M-1) 3B(IU=+1)

)22% + B%_l
+—

(
or%l=-

Cr%=[2B(2m4@B~l)]

5 B~l+m2)(l*q 3B(l+mq

‘Left leadingedgehitsWch conefrmnapex.
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..- . ,,.

-..

.



.

NACATNNo.1700

15

+ sin-l

+ sin=

r

br%~B2+~l)
l>(m2+l) )}

c*(B2+~i)*2 (m2+~
B2(m2+l) {-~}

.

2m(1+3=)+B(3-2‘{* Crsmz
B(l+m2) 2 (1+B2)(dil-1)(m+B)1

.

~( (m-l) ~ - [@B2-l)+B(3m2-1)1
k(m+B)(mkl)

39

.

.

+ 3[2m{B=l)+B(3m=l)]= m(B2+QBm-1)
6k-(m+B)2(-1)2 - 16(m+B)(I&-..))

i.

+ 3m(B%h&l) _ tB(3rn2-l)+2m(B2-1)]12B(2m2-l)+3m(B2-1)]
4B lB(m+B)(-1) /

.
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.

~[2m(B2-l)+B(3m2-1)l_~- m(B2+2Bm-1)(m+B)2
64(l&l-1)2 12B(l+m2) 12B2(l+m2)2

.

)s(m+B)2+ 1
([

2B(2m2-l)+3m(B2-1)]+ my+
8B(l+mq — -B(1+B2) 4(*1) 4

3b(* 2.1)+~(B=l) 1 dB %2BUA) (m+ll)

16(ni6-1) B(m%) .

+ ‘(m+B)[~(~2+l)+3m(B2-1)] m(B2.E13@[2B(2m2+l)+3m(B~l)l(m+B)+
3B(m2+l) 3B2(m2+l)2

2(m+B) km(B2+_l)(m+B)_ km2(B2+=l)~m+E)——-
5 l~(m2+l) l~2(m2+l)2

hJ%2=+E [
Sti-x4Z(ntl-l)(m+B)-[2m(B2-l)+B(3m2-l)]cn

B(l~2)cr

)11

{

m2~l
}{ +

3ZC 2(2-Q) +
(

CF%F
2~m(l+B2)(nikl)(m+B) 2 k(mB-1)(m+B))

. (2m(B2-l)+B(3m2-1).
_ 3[2m(B2-l)+B(3m2-1)]2 +m(B%~l)

16(m+B)(~l) 4 )}

, I
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(1+B2)[-kZ*(mE-l)(m+B)+2Zor(B2-l)+B(&-1)~r~(B2+&l)] “
I

{

(m2+2ni6-1)< Z2(m+B)-— ,

+

(m+B)(l+B2)~2(B2+2Bu+l)

3cr%[~(B~l)+B(3&kI)1‘)

(-.

&+(m+B)(niB-1)2

Z2(m+~%) (m+B)
(B2t2BA)

.

.

L’

_ 3Z2(niB-l)(m+B)2 +
2(B2+2BM]

+

-- “+- + Jh!!L “

+

4(I&l) - 16(*1)

( 1 )
~B(m+B)(l+B2)~ .

Zm(l+r)(m+B)
2

c#m[2B(2rn2-1)+3m(B2-1)]
4(*1) .

.

Zc@(m+B) 3cr%h(3E2-l)+2m(B2-1)]-— .
4 16(mE-1) )}

_ Sti-lZ[B(3U2-l)+2M(B2-l)]4~(B2~l)
{
Zsm(l*2)(rim-l)

BZ(m2+l) (B2+2Bm-1)9/2~~ }

.
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.

{

42(*1) (Btm)42M(B%)+B(a2-1)]or _ OP%2
‘}

.

3(1*2)* 8B&(l+B2)(ni6-1)(m+B)

.

{

- 311L(.BW?BU+l) + J@--l)+@(B=l)I [ (~=1)~(B&l)l
(ma(llwl)B

- 3[B(3m~l)@u&-1)]2
4(m+E)(@kl) }1

K.

“(!%=9
.
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w=wf=+MK~

I

I
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_ 32c~2(2-cr)
2 1

43

+
(m-tan@) -

{
2z& + 32c@2(‘+r)

Jb2(m-~ p)2~limtanP)2 8 2 }
I ,

(- $) ~%s[(~ @(l* tanP)+B2(m+tanp)]
J’i2(m:*R)2-(1* * B)2{ 4[B2(m+tan~)2-(l+utanB)21

}13cr%Il=-—
8

t
.

‘=”c-%%9b -

Cr%l+$ (2m(B2-l)+B(3m2-1)-3[2m(B2-l)+B(3m2-1)]2
- 4(-.)(m+B) 16(m+B)(mB-l)

bI&t leadingedgehitsMachconefromapex.
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)}+m(B%2zE&l) _ Z%l(lli&l)(l+ma)
4 (B2+2hd)‘/2~~

C+I@

{
- 3m(B2+21hA)

- 8E ~m(l+B2)(mE-l)(m+B) .

+ [2B(ti2-l)+@(B~l)][B(31U2-1)+21U(B2-1)1
(I?J+B)(InB-il)

.

_ 3[B(3U2-l)+~(B%)~
~(m+B)(niB-1) H

TrapezoidalWingComponents

L.

“z
/

. .._. —..

2q&r~B(l+tsn2j3)+(B2-tan2p)(m-tsnp)]
(B2-k2fI)9/2 k

,

2qczo#(m-tanP)

[

(l+Btan 13)m-
l/B2(m-ts,n~)2-(l+mtan~)2 (B-tanp)
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qaors[m(B+tamP)+(l+ tan f))]bn(B+ tanB)+(1+8tanP)1—
12(B+tm5)=~~
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*CWr8 J{4[(B-lEmfi)(rn+tFmP)j[3m(B-tan13)-(l+B*,P)]
lQ(B:tanE!)sJ22-tSul~p

+ [ 3m@-tLul13)+(14e * p)l[H@-t!nlP)+(1*tallp)]}

. ,11 ~

‘*

kn
E

‘P
XE

+B(l+t@ fI)[4(ttu3~)(B%)+B(l+k=
2(B2-t211Ep)=(m+tanp) ‘)]} s

I
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S. m<O

2o’@(l+ta# p)

3(B2-t# ~) 1

.

.
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u.

v.

*;

4
Xg

(R-tamp) J

(*)2]

Iq =
@(m+ tanp)~hn tam~)=

.[&=.J&)+m]

,

I

.

.
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Figure 1.-?’1’hefrionguhr,trupezoidd, und rectunguhrphn

form types investigated.
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Figure 3.- Variation of rolling-moment coefficient per unit angle of otttvck.
with sideslip angle for 0=1.
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Figure 4.- VarMion of rolling-moment coefficient per unit angle of ottack
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Figure 5- Vuriation of roll-in-sidesllp derlvitive per un/t t?ng/e of.oftack with

aspect rotio for typical triangular, tropezoldal, and rectungulor plan forms; B= I
and U= 4/3
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